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Abstract
In this essay, I present an alternative explanation for the cosmic acceleration which
appears as a consequence of recent high redshift Supernova data. In the usual inter-
pretation, this cosmic acceleration is explained by the presence of a positive cosmolog-
ical constant or vacuum energy, in the background of Friedmann models. Instead, I
will consider a Local Rotational Symmetric (LRS) inhomogeneous spacetime, with a
barotropic perfect fluid equation of state for the cosmic matter. Within this framework
the kinematical acceleration of the cosmic fluid or, equivalently, the inhomogeneity of
matter, is just the responsible of the SNe Ia measured cosmic acceleration. Although
in our model the Cosmological Principle is relaxed, it maintains local isotropy about
our worldline in agreement with the CBR experiments.
aThis essay received an ”Honorable Mention” in the 1999 Essay Competition of the Gravity Research
Foundation.
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1 INTRODUCTION
Last year, two independent groups [1,2], by using type Ia Supernovae as standard
candles without evolution effects, were able to extend the Hubble diagram of luminosity
distance versus redshift, out to a redshift of z <
∼
1, implementing a generalized K-
correction, [3].
The main conclusion of these works is that the deceleration parameter at present
cosmic time q0, is negative, i.e., an acceleration of the cosmic expansion. Moreover,
they interpret this conclusion in the framework of the Friedmann (FLRW) models with
cosmological constant, Λ, [4], in which a necessary and sufficient condition of cosmic
acceleration (regardless of the value and sign of the intrinsic spatial curvature of the
cosmic spaces, if the null energy condition (NEC) holds) is that Λ is positive.
The cosmological constant Λ, was reinterpreted as a vacuum energy and was used by
Guth [5] in the inflationary models. An estimate of this vacuum ”quantum-mechanical”
energy [6], is at least 120 orders of magnitude higher, that the vacuum energy associ-
ated with Λ, determined by the interpretation of the Supernova (SNe Ia) data in the
background of FLRW models with Λ. Nobody knows which is the supression mecha-
nism, if it exists.
In this essay, I propose an alternative explanation for the measured cosmic accel-
eration in which, from the beginning, Λ and hence the vacuum energy are set to zero.
Our starting point will be the relaxation of the essential assumption of the FLRW
models, the Cosmological Principle and, after, the consideration of barotropic locally
rotational symmetric inhomogeneous models without Λ, in which the acceleration of
the congruence of cosmic matter is just a sufficient condition for the SNe Ia measured
cosmic acceleration.
Our main ”a priori” argument to discard the Cosmological Principle is Ockham’s
razor applied to observational Cosmology. Observationally we can only assert that
there is isotropy about our worldline and this has been falsified using different tests,
being the most important one, the measured high degree of isotropy of the cosmic
background radiation, CBR. This local isotropy about our worldline, when combined
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with the Copernican Principle, leads to isotropy about all worldlines (at late times, of
different clusters of Galaxies and, at early times, of the average motion of a mixture of
gas and radiation) and thus to the homogeneity of the 3-dim spacelike hypersurfaces
of constant cosmic time and finally to the FLRW models.
However, as Ellis et al. pointed out [7], if we suspend the Copernican assumption
in favour of a direct observational approach, then it turns out that the local isotropy of
the CBR is insufficient to force isotropy into the spacetime geometry and hence spatial
homogeneity of the 3-dim cosmic hypersurfaces, i.e., to force the verification of the
Cosmological Principle.
Homogeneity of the 3-dim spacelike hypersurfaces have poor observational support.
At the large-scale level, we only have data from our past light cone and testing ho-
mogeneity of the 3-dim hypersurfaces at constant cosmic time, requires us to know
about conditions at great distances at present cosmic time, whereas what we can ob-
serve at great distances is what happened long time ago. So to test homogeneity of
spacelike cosmic hypersurfaces, we first have to understand how is the evolution of
both the spacetime geometry and its matter-energy contents. For other critics to the
Cosmological Principle and the FLRW models, see for instance [8,9].
2 OUR MODEL: BAROTROPIC INHOMOGENEOUS LRS
There is one family of spacetimes in which the Cosmological Principle is relaxed but
they assure the observational local isotropy, these are the local rotational symmetric
(LRS) inhomogeneous models. In the family of inhomogeneous LRS spacetimes, the
symmetry group is 3-dimensional, just half the symmetry group of the FLRW models.
In our model, I will assume that the matter part of Einstein equations have a perfect
fluid form. However, we will not consider the dust case, i.e., the Lemaitre-Tolman-
Bondi (LTB) models, because then necessarily the congruence of matter worldlines
will be geodesic. Instead, I will consider a barotropic equation of state, p = p(̺) and
̺+ p > 0 (NEC condition), which allows for an accelerating congruence.
Geometrically, in these LRS models, the coefficients of the spacetime metric depend
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on two independent variables (of cosmic time and a radial coordinate), and if one
chooses a comoving system, then the metric depends on three non-negative coefficients,
and reads
ds2 = −A2(r, t) dt2 +B2(r, t) dr2 +R2(r, t) dΩ2. (1)
If moreover one supposes spherical symmetry (SS), the congruence of matter fluid
is initially irrotational and, then, by the supposed barotropic equation of state, the
vorticity is zero at any time, where by SS, ̺ = ̺(r, t) and p = p(r, t). However, the
other kinematical quantities of the congruence of matter worldlines, i.e., acceleration,
shear and expansion are non zero in this spacetime. Note that in the FLRW models
all are zero except the expansion.
As the vorticity is always zero, then the fluid matter flow is always hypersurface
orthogonal and there exists: 1) A cosmic time t and 2) A 3-metric of the spacelike
hypersurfaces. As far as I know, this spacetime was used by Mashhoon and Partovi
to describe the gravitational collapse of a charged fluid sphere [10], and to large-scale
observational relations [11].
From the Einstein equations without Λ, one obtains the conservation of energy-
momentum T ab:
∇aT
ab = 0. (2)
From (2), one obtains (see [12]) for a perfect fluid, the energy conservation equation:
∂̺
∂t
+ (̺+ p) θ = 0, (3)
being θ the expansion of the matter fluid and the Euler equation
∂p
∂r
+ (̺+ p)a = 0, (4)
being a, the acceleration of the fluid congruence. Note that in FLRW models, equation
(4), is a tautology, because both terms on the LHS are independently zero. However,
the consequences of Euler equation (4), are very important in our model. As the fluid
is barotropic and the NEC holds, the acceleration is always away from a high-pressure
region towards a neighbouring low-pressure one. In other words, the radial gradient
of pressure is negative and gives place to an acceleration of the matter flow which
opposes the gravitational attraction. This can also be important in order to surpass
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the classical singularity theorems, but in this essay, I will only show that this fluid
acceleration can explain the SNe Ia data about the negativeness of the q0 parameter.
3 LUMINOSITY DISTANCE-REDSHIFT RELATION AND DECELER-
ATION PARAMETER
To relate our model with the SNe Ia data, we need to know how the luminosity distance-
redshift relation and the deceleration parameter are modified by the inhomogeneity.
By using conservation of light flux, (see [14]), it follows from the metric (1)
DL = (1 + z)
2R(ts, rs), (5)
being DL the luminosity distance and ts, rs the cosmic time and radial coordinate at
emission. At present time, to, this relation reads
DL(t0, z) = (1 + z)
2R[ts(t0, z), rs(t0, z)]. (6)
If one makes an expansion of DL to second order in z, after making an expansion to
first order in z of ts(t0, z) and rs(t0, z), one finds, [11]:
DL(t0, z) ≈
1
H0
[z + 1
2
(1−Q0)z
2], (7)
where Q0 is a generalized deceleration parameter at present cosmic time. On the other
hand, if one develops the metric coefficients of (1) and the mass-energy and pressure
in power series of the radial coordinate and after imposing the Einstein equations, one
obtains after a scale change in the radial coordinate, [11,13]:
ds2 ≈ −
(
1 + 1
2
α(t)r2
)
dt2
+S2(t)
[(
1 + 1
2
β(t)r2
)
dr2 + r2
(
1 + 1
2
γ(t)r2
)
2
dΩ2
]
, (8)
where S(t) is the customary scale factor, α(t) is a non-negative function related to the
acceleration of the cosmic fluid and a combination of β and γ gives the intrinsic spatial
curvature of the 3-dim spacelike cosmic spaces.
On the basis of equations (7,8), one finds [11,13], that
Q0 = q0 − II0, (9)
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thus, the luminosity distance-redshift relation at present time, reads
DL(t0, z) ≈
1
H0
[z + 1
2
(1− q0 + II0)z
2], (10)
where H0 and q0 are the customary Hubble and deceleration parameters
H0 :=
S˙0
S0
,
q0 := −
S0S¨0
S˙0
2
,
and II0 is a new inhomogeneity parameter which reads
II0 =
α(t0)
(S0H0)2
. (11)
Note that II0 is related to the congruence acceleration through the metric coefficient
α. In our model the deceleration parameter at present time is:
q0 =
1
2
Ω0
(
1 +
3p0
̺0
)
− II0, (12)
as at present time
3p0
̺0
≪ 1, then one finally obtains
q0 ≈
1
2
Ω0 − II0, (13)
where Ω0 is the present matter density in units of the critical density.
4 CONCLUSION
From the formula (13), we see that one can obtain a negative deceleration parameter,
i.e., cosmic acceleration, in agreement with recent SNe Ia data, by the presence of a
positive inhomogeneity parameter related to the kinematic acceleration or, equivalently,
to a negative pressure gradient of a cosmic barotropic fluid. In this way, it is not
necessary to explain the Supernova data by the presence of Λ or a vacuum energy or
some other exotic forms of matter. Although in our model without Λ, the Cosmological
Principle is relaxed, however, it maintains perfect agreement with the local isotropy
about our worldline measured by the CBR experiments.
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